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ABSTRACT
Fodder crops have to compete with those of field crops, and the majority of farmers are
smallholders in the circumstances of Pakistan. Therefore, this study was planned to search
for the best maize hybrid which would serve dual purposes, i.e. for grain production as
well as its later usage as fodder and silage. So, seven maize hybrids most commonly grown
in the vicinity were selected and compared for their forage production. Maize hybrids were
sown on ridges followed by all cultural operations as carried out by farmers. At harvest,
plant morphological parameters were measured before ensiling the whole maize plant. For
ensiling, fodder was harvested and chopped into 3-4 cm long discs using a chaff cutter.
The fodder was then transferred to plastic jars, pressed hard to remove air, sealed, and kept
airtight for 40 days. Samples were taken after the ensiling period and subjected to different
quantity and quality parameters. It was observed that Monsanto DK-6789 showed the best
performance in agronomic; plant height at harvest, number of leaves per plant, dry weight
per plant, fresh forage yield at harvest, and dry matter yield, and quality parameters; crude
protein, fiber, and total ash percentage. DK-6789 also showed superiority in lactic acid,
pH, dry matter, crude protein, neutral detergent fiber, acid detergent fiber, hemicellulose,
and cellulose. Therefore, this maize hybrid may be recommended for grain production in
the irrigated areas, while its leftovers can be utilised as forage or ensiled for quality silage.
Keywords: Hybrid corn, silage, animal nutrition, forage conservation, Zea mays.
INTRODUCTION
Animal husbandry is a natural
industry that converts roughage into
quality food, i.e., milk and meat (Afzal
and Naqvi, 2004). It is an important subsector of agriculture and contributes
about 3.1 % of the total exports of
Pakistan. In Pakistan, more than eight
million rural families are engaged in
livestock production and derive more
than 35-40 % of their income from this
sector. For instance, the livestock
industry contributed 11.7 % of the gross
domestic product (GDP) of Pakistan in
2019-2020 (Wasim, 2020). As of 20192020, there were approximately 41.2
million buffaloes, 49.6 million cattle,

78.2 million goats, and 30.9 million
sheep in Pakistan (Wasim, 2020). The
population of livestock is observing an
increase of 4.2 % annually; therefore,
they need more feed to fulfill their
dietary needs. However, several
hindrances to feed availability are
challenging this growing sector.
Therefore, we need to look for
alternative options.
In developed countries, processed
feed is preferably used to feed livestock
rather than fresh fodder, in contrast to
developing
countries,
including
Pakistan. Using processed feed has
certain benefits as it overcomes seasonal
fodder deficiency. The conservation of
forage when it is being produced in
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larger quantity can ensure the
availability of feed to animals when
there is minimal or lower forage
production. This will allow farmers to
prevent wastage of fresh forage due to
the maturation of lush green forage.
Ultimately, the conservation of forage
as fodder will ensure the availability of
nutritious feed to the livestock
throughout the year in sufficient
quantities, thus preventing a decrease in
their productivity (Kumar et al., 2016).
Silage is a viable alternative to
animal fodder having the advantages of
good palatability, high digestibility, and
quality (Coblentz and Akins, 2018).
Whole plant corn silage contributes to
being a major forage and energy source
of livestock production. Thus, forage
preservation for scarce periods by
making silage ensures the availability of
fodder during the growing seasons
(Jaurena et al., 2010). It would also help
in enhancing the nutritional status of
forage, besides reducing the costs. The
ensiling process also guarantees the
long-term use of silage for the animals,
or in the case of excess, its use for
biogas in digesters (Eikmeyer et al.,
2013). The case of Pakistan especially
asks for silage production, which will
secure the farming community better
than that of dependency on fresh fodder.
Another issue of lack of land
availability for the growth of forage also
hits the farming community in Pakistan.
Smallholder farmers prefer growing
grain crops over forage on their best
land. Therefore, utilising stubbles and
leftovers from grain crops may be
targeted
for
feed
production.
Consequently, looking up the options, it
has been observed that the majority of
farmers in irrigated areas of Pakistan,
particularly in Punjab, prefer to grow
hybrid maize which can be used to
prepare silage.
Maize hybrids differ in their
growth, yield, and silage quality. The
quality of silage materials is varied in

different crop cultivars and is also
influenced by cutting on different
harvesting stages. Mostly, the silage
which is used efficiently by animals on
a large basis crop cutting is done on the
maturity stage. The digestibility and
silage quantity that is fed to animals is
also influenced by crop growth stages.
In all forage crops, maize is the only one
that cannot reduce its quality event at
the mature stage, because grain
formation on cob recompenses the
highest level of fiber in the plant parts
(leaf and stem). The crop growth stages
also cause changeability in dry matter
contents which make the difference in
the nutritional value of silage (Demirel
et al., 2011). In different experiments, it
is observed that the exact crop growth
stage for harvest is generally a
settlement between forage yield and its
quality. During silage making, the
nutritional value of plant material is the
biggest concern because of its effect on
the quality of fermentation. Due to the
poor fermentation process, it can lead
highest dry matter loss, less aerobic
stability, and reduce the quality of silage
which is used for feeding animals in the
latter. Terler et al., (2018), concluded
that maize hybrids and their maturity
affect the crude protein, metabolized
energy, effective degradability of
organic matter, and neutral detergent
fiber content. Therefore, the best time to
prepare high nutritious silage can be
obtained by harvesting the maize at 55
% ear dry matter level. At the early
growth stage of maize, certain
components of nutrients like crude
protein are present in higher quantities
(Dahmardeh et al., 2009). At later
growth stages when the plant gets
maturity, the crude protein contents are
effectively decreased due to the filling
of starch in maize kernels. This is united
with the effect of dilution which is
created by an increase in grain portion;
the contents of crude protein are
decreased most significantly as the
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maize plants get maturity (Dahmardeh
et al., 2009). Due to plant maturity, in
the cob portion, the level of starch
contents is increased but the dilution
effect in the cob portion will be reduced
by the fiber contents effectively
(Dahmardeh et al., 2009). The reduction
in fiber contents was noticed on
average, between two growth stages
(silking and milking). While, the same
results were observed in between the
later harvest stages in contrast with
findings in which researchers showed a
significantly lesser NDF at the mature
stage (Zaralis et al., 2014). In another
study, a significant increase in NDF
content was recorded which influence
the various parts of plants (leaves,
stems, husk, and rachis). In the case of
biomass production, there was a
significant difference among the
varieties; the average content of NDF
was the same in all varieties (EstradaFlores et al., 2006). A structural
carbohydrate which is known as
hemicellulose is found in the cell wall of
plants but it was considered as a middle
digestible fraction in maize plants. A
maximum amount of hemicellulose is
present in the cob and husk of maize
plants with a lesser concentration of
lignin, ash, and minerals (Barten, 2013).
The reduction in the number of fibers
with the increase in plant age was
possibly due to the effect of dilution
which increases in grain contents as the
plants mature (Dahmardeh et al., 2009).
A normal ADF in maize silage is
noticed from 20 to 33 % and based on
this, it exceeded that level in all harvest
stages which indicate lessor quality in
term of digestibility (Chahine et al.,
2009). The highest ADF contents were
maybe due to a significant increase in
ADF noticed in plant portions like husk
(Estrada-Flores et al., 2006). In plants,
the process of lignification occurs as
dates of harvesting progressed through
the whole season of crop growth (Darby
and Lauer, 2002). This process in plants

is a result of the deposition of lignin
within the mature cell wall with a
specific
conformation
structure
(Pordesimo et al., 2005). Particularly,
the highest increase in lignin contents
was noticed in the plant parts (stem and
husk) but not among all stages of
harvesting, no significant effect was
shown in early harvesting time because
lignification is prominent in the latter
stages until the black layer stage
(Pordesimo et al., 2005).
Apart from that, the various
genetic backgrounds of different maize
cultivars can also significantly affect the
yield and quality of the plants.
(Schroeder, 2006) stated that the
selection of maize hybrids can affect the
maize silage in different ways
(harvesting yield, grain content at the
time of harvesting, and digestibility).
Mostly, plant breeders recommend
doing selection inbreeding based on the
yield of grains, but some of them
propose that the cultivars that have the
best grains are also good for forage
production (Lee et al., 2006). Leafy
maize hybrids showed a significant
effect on the performance of animals
when these hybrids are used for silage
making. Generally, a sweet corn hybrid
had a lower yield, but in the case of
nutrition, it was slightly superior due to
consistently higher crude protein
contents (Darby and Lauer, 2002;
Ferraretto et al., 2015). Moreover, silage
from two maize hybrids (in vivo
digestibility in sheep) has a significant
effect on the composition and
digestibility of the silage (Loučka et al.,
2017). Using inoculation during silage
preparation of different hybrids and
storage time changes the silage quality
by affecting soluble protein and mineral
contents (Duvnjak et al., 2016).
Similarly, the digestion of dry matter,
organic matter, cellulose, neutral
detergent fibers, and dry matter varies
among hybrids in in-vitro digestibility
(Ferreira et al., 2013).
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Keeping in mind the excess
availability of maize hybrid roughage,
the wide variety of hybrids growing in
Pakistan, and the forage limitations, this
study was planned to explore the best
maize hybrids for the production of
quality forage and silage under the local
circumstance.

For ensiling, fodder was harvested
and chopped into 3-4 cm long discs
using a chaff cutter. The fodder was
then transferred to plastic jars, pressed
hard to remove air, sealed, and kept
airtight for 40 days. Samples were taken
after the ensiling period and subjected to
parameters as explained below.

MATERIAL AND METHODS

Quantification of Growth and Quality
Parameters

A two-year field experimental
setup was prepared at the Agronomic
Research
Area,
University
of
Agriculture,
Faisalabad,
Pakistan
(31°26'34.8 "N 73°04'25.1 "E) during
the summer 'locally known as Kharif'
season of 2018 and 2019. Data on
weather
conditions
during
the
experimental period is given in
supplementary information (Table S1).
This study was conducted in a
randomized complete block design
(RCBD), and each experimental unit's
dimensions were 7 m × 4.8 m. We
compared seven maize hybrids viz. T1:
Monsanto DK-8148 (Monsanto Seed
Company Pvt. Ltd.), T2: Monsanto DK6789 (Monsanto Seed Company Pvt.
Ltd.),
T3:
Monsanto
DK-6714
(Monsanto Seed Company Pvt. Ltd.),
T4: Pioneer P4040 (Pioneer Hi-Bred
Corn Company Pvt. Ltd.), T5: Pioneer
30T60 (Pioneer Hi-Bred Corn Company
Pvt. Ltd.), T6: Pioneer 30Y87 (Pioneer
Hi-Bred Corn Company Pvt. Ltd.) and
T7: ICI Hycorn 11 plus (ICI Pakistan
Pvt. Ltd.).
Seeds
were
purchased
commercially and treated with 9 g of
Argyl Super 62.5 % WS per kilogram of
seed to avoid seed-borne diseases.
Maize was sown on ridges (75 cm apart)
through the dibbling method at the seed
rate of 25 kg ha-1. Manual weeding was
performed 20 days after sowing, and the
field was irrigated every seven days
until the grain formation stage.

At harvest, plant height at harvest
(cm), number of leaves per plant, dry
weight per plant (g), fresh forage yield
at harvest (t ha-1), and dry matter yield
at harvest (t ha-1) were recorded. Among
the quality parameters, crude protein,
fiber, and total ash percentage were
recorded. Crude protein was determined
by the macro-Kjeldahl method (Latimer,
2012), while crude fiber was determined
by the Soxhlet apparatus method
(Cockrell et al., 1975). The total ash
percentage was calculated by AOAC
official method 942.05 (Thiex et al.,
2019).
For determination of silage
quality, lactic acid (Wilson 1971), pH
(1:10 in distilled water), dry matter
(DM), crude protein (CP), neutral
detergent fiber (NDF), acid detergent
fiber (ADF), hemicellulose, and
cellulose were recorded following the
methods given by (Martins et al., 2015;
Van Soest et al., 1991).
Statistical Analysis
The data obtained on all
observations were analyzed statistically
by employing the Fischer analysis of
variance technique through Statistix-8.1
(Analytical Software, FL, USA) (Steel
and Torrie, 1986). Comparison of
treatments was done at a 5 % probability
level of Tukey's HSD test.
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2019 maximum dry weight was
observed in Monsanto DK-6789
followed by Monsanto DK-8148. While,
minimum dry weight was detected in
ICI Hycorn 11 plus during both years
but in 2018 it was statistically at par
with Pioneer 30T60, Monsanto DK6714, and Pioneer P4040 (Table 1).

RESULTS
Agronomic Parameters
i.

Plant Height at Harvesting (cm)
The plant height of maize was
significantly
impacted
by
the
application of different treatments in
both years (2018 (p < 0.05) and 2019 (p
< 0.001) (Table 1). The maximum
height was observed in Monsanto DK6789, which was statistically on par
with Monsanto DK-8148, Pioneer
P4040, Monsanto DK-6714, and
Pioneer 30Y87 during both years of
study. While the minimum height in ICI
Hycorn 11 Plus was observed in both
years, it was statistically equal to
Pioneer 30T60 in 2018 (Table 1).

ii.

iv.
Fresh
Forage
Harvesting (t ha-1)

iii.
Dry Weight
Harvesting (g)

per

Plant

at

Dry weight per plant of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.05) and 2019 (p < 0.001)
(Table 1). The maximum dry weight
was observed in Monsanto DK-6789
which was statistically at par with
Monsanto DK-8148, Pioneer 30Y87,
and Pioneer P4040 during 2018 but in

at

The fresh forage yield of maize
was significantly affected by the
application of different treatments in
both years (2018 (p < 0.05) and 2019 (p
< 0.001)) (Table 2). The highest fresh
forage yield was observed in Monsanto
DK-6789 which was statistically at par
with Monsanto DK-8148, Pioneer
30Y87, Pioneer P4040, and Monsanto
DK-6714 in 2018 but in 2019 maximum
fresh forage yield was observed in
Monsanto
DK-6789
which
was
statistically at par with Monsanto DK8148. While minimum fresh forage
yield was observed in ICI Hycorn 11
plus during both years but in 2018 it
was statistically at par with Pioneer
30T60 and Monsanto DK-6714 (Table
2).

Number of Leaves per Plant at
Harvesting
The number of leaves of maize
was significantly affected by the
application of different treatments in
both years (2018 (p < 0.005) and 2019
(p < 0.001) (Table 1). The highest
number of leaves was observed in
Monsanto DK-6789, which was
statistically on par with Monsanto DK8148 and Pioneer 30Y87 during both
study years. While the least number of
leaves was observed in ICI Hycorn 11
plus during both years, in 2018 it was
statistically at par with Pioneer 30T60
(Table 1).

Yield

v.

Dry Matter Yield at Harvesting
-1

(t ha )
The dry matter yield of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.05) and 2019 (p < 0.001))
(Table 2). The maximum dry matter
yield was observed in Monsanto DK6789 which was statistically at par with
Monsanto DK-8148 and Pioneer 30Y87
during 2018 but in 2019 maximum dry
weight was noticed in Monsanto DK6789 followed by Monsanto DK-8148
which was statistically at par with
Pioneer 30Y87. While, minimum dry
matter yield was observed in ICI
Hycorn 11 plus during both years but in
2018 it was statistically at par with
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Pioneer 30T60, Pioneer P4040, and
Monsanto DK-6714 (Table 2).
Quality Parameters
i.

Crude Protein (%)
The crude protein of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.05) and 2019 (p < 0.001))
(Table 2). The highest crude protein was
observed in Monsanto DK-6789 which
was statistically at par with Monsanto
DK-8148, Pioneer 30Y87, Pioneer
P4040, and Monsanto DK-6789 in 2018
but in 2019 maximum crude protein was
observed in Monsanto DK-6789 which
was followed by Monsanto DK-8148.
While minimum crude protein was
observed in ICI Hycorn 11 plus during
both years but in 2018 it was
statistically at par with Pioneer 30T60
Monsanto DK-6714 and Pioneer P4040
(Table 2).

ii.

Crude Fiber (%)
The crude fiber of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.001) and 2019 (p < 0.001))
(Table 2). The maximum crude fiber
was observed in Monsanto DK-6789
which was followed by Monsanto DK8148 which was statistically at par with
Pioneer 30Y87. While, minimum crude
fiber was observed in ICI Hycorn 11
plus during both years but in 2018 it
was statistically at par with Pioneer
30T60, Pioneer P4040, and Monsanto
DK-6714 (Table 4.9B).
iii. Total Ash (%)
Total ash of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.001) and 2019 (p < 0.001))
(Table 2). The highest ash percentage
was observed in Monsanto DK-6789

which was statistically at par with
Monsanto DK-8148 and Pioneer 30Y87
in 2018 but in 2019 highest ash
percentage was observed in Monsanto
DK-6789 which was statistically at par
with Monsanto DK-8148. While less
ash percentage was observed in ICI
Hycorn 11 plus during both years (Table
2).
Silage Characteristics
i.

Lactic Acid

The lactic acid of silage of maize
was significantly affected by the
application of different treatments in
both years (2018 (p < 0.001) and 2019
(p < 0.001)) (Table 3). The highest
lactic acid was observed in Monsanto
DK-6789 which was followed by
Monsanto DK-8148 and it was
statistically at par with Pioneer 30Y87.
While less lactic acid was observed in
ICI Hycorn 11 plus during both years
but in 2019 it was statistically at par
with Pioneer 30T60 (Table 3).
ii.

pH

The pH of the silage of maize was
significantly affected by the application
of different treatments in both years
(2018 (p <0.001) and 2019 (p <0.001))
(Table 3). The highest pH was observed
in ICI Hycorn 11 plus which was
statistically the same with Pioneer
30T60 during both study years. While
less pH was observed in Monsanto DK6789 which was followed by Monsanto
DK-8148 and Pioneer 30Y87 in 2018
but in 2019 less pH was in Monsanto
DK-6789 which was followed by
Monsanto DK-8148 (Table 3).
iii.

Dry Matter

Dry matter of silage of maize was
significantly affected by the application
of different treatments in both years
(2018 (p < 0.001) and 2019 (p < 0.001))

© 2022 by Journal of Bioresource Management is licensed under CC BY 4.0

58

Hamid et al., (2022). Maize Hybrids for Quality Forage.
J Biores Manag., 9(4): 53-66.

(Table 3). The highest dry matter was
observed in Monsanto DK-6789 which
was followed by Monsanto DK-8148
and it was statistically at par with
Pioneer 30Y87 and Pioneer P4040 in
2018 but in 2019 highest dry matter was
observed in Monsanto DK-6789 which
was statistically at par with Monsanto
DK-8148. While less dry matter was
observed in ICI Hycorn 11 plus during
both years (Table 3).
iv.

Crude Protein (CP)

Crude protein of silage of maize
was significantly affected by the
application of different treatments in
both years (2018 (p < 0.001) and 2019
(p < 0.001)) (Table 3). The highest CP
was observed in Monsanto DK-6789
which was followed by Monsanto DK8148 in 2018 and 2019 by Pioneer
30Y87. While, less CP was observed in
ICI Hycorn 11 plus during both years,
but it was statistically at par with
Pioneer 30T60 and Monsanto DK-6714
in 2018 and 2019 only with Pioneer
30T60 (Table 3).
v.

Neutral Detergent Fiber (NDF)

The neutral detergent fiber of
silage of maize was significantly
affected by the application of different
treatments in both years (2018 (p <
0.05) and 2019 (p < 0.001)) (Table 4).
The highest NDF was observed in
Monsanto
DK-6789
which
was
statistically at par with Monsanto DK8148, Pioneer 30Y87, and Pioneer
P4040 in 2018 but in 2019 highest NDF
was observed in Monsanto DK-6789
which was followed by Monsanto DK8148 and Pioneer 30Y87. While, less
NDF was observed in ICI Hycorn 11
plus during both years but it was
statistically at par with Pioneer 30T60 in
2018 (Table 4).

vi.

Acid Detergent Fiber (ADF)

The acid detergent fiber of silage
of maize was significantly affected by
the application of different treatments in
both years (2018 (p < 0.05) and 2019 (p
< 0.001)) (Table 4). The highest ADF
was observed in Monsanto DK-6789
which was statistically at par with
Monsanto DK-8148 and Pioneer 30Y87
in 2018 but in 2019 highest ADF was
observed in Monsanto DK-6789 which
was followed by Monsanto DK-8148.
While less ADF was observed in ICI
Hycorn 11 plus during both years but it
was statistically at par with Pioneer
30T60 and Monsanto DK-6714 in 2018
(Table 4).
vii.

Hemicellulose

Hemicellulose of silage of maize
was not significantly affected by the
application of different treatments in
2018 (p > 0.05), but it was significantly
affected by treatments in 2019 (p <
0.001) (Table 4). The highest
hemicellulose
was
observed
in
Monsanto
DK-6789
which
was
followed by Monsanto DK-8148,
Pioneer P4040, and Pioneer 30Y87
during both years. While, less
hemicellulose was observed in ICI
Hycorn 11 plus during both years, but it
was statistically at par with Pioneer
30T60 and Monsanto DK-6714 in 2019
(Table 4).
viii.

Cellulose

The cellulose of silage of maize
was significantly affected by the
application of different treatments in
both years (2018 (p < 0.001) and 2019
(p < 0.001)) (Table 4).
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Table 1: Effect of different treatments on plant height at harvesting (cm), number of leaves per plant and dry weight per plant at harvesting (g)

Treatments
T1
T2
T3
T4
T5
T6
T7
HSD p
<0.05)

Plant height (cm)
2018
2019
193.7 a
205.1 a
195.2 a
209 a
183.4 abc
190.2 cd
187 abc
194.3 bc
178.7 bc
185 de
191.3 ab
197.8 b
174.1 c
180.7 e
13.5
6.5

Number of leaves
2018
2019
14.7 ab
14.3 a
15.7 a
14.7 a
12 abc
11 bc
12.7 abc
12 b
10.7 bc
9.7 cd
14 ab
14 a
9.3 c
8.3 d
4.1
1.8

Dry weight per plant
2018
2019
124.7 ab
142.1 ab
133.2 a
146.8 a
104.5 ab
123.4 d
109.7 ab
132 c
97.6 ab
117 d
118.8 ab
138.1 bc
93 b
110.1 e
38.4
6.4

Treatments with the same letter are statistically similar based on Tukey’s HSD at 5 % level of significance.
Table 2: Effect of different treatments on fresh forage yield at harvesting, dry matter yield at harvesting, crude protein, crude fiber and total ash.

Treatment
T1
T2
T3
T4
T5
T6
T7
HSD
(p <0.05)

Fresh forage yield
at harvesting (t ha-1)
2018
2019
55.5 ab
58.1 ab
57 a
59.3 a
52 ab
52.5 d
52.7 ab
54.6 c
48.7 ab
50.6 d
53.9 ab
56.6 b
45.6 b
48.4 e
10.6
2.0

Dry matter yield at
harvesting (t ha-1)
2018
2019
17.6 ab
20.2 ab
19 a
21.4 a
13.9 ab
16.7 d
14.2 ab
18.1 c
13.6 ab
15.8 d
15.9 ab
19.6 b
11.6 b
13.7 e
6.1
1.4

Crude protein (%)

Crude fiber (%)

Total ash (%)

2018
10.9 ab
11.2 a
9.3 ab
10.1 ab
8.9 ab
10.3 ab
8.5 b
2.7

2018
29.8 a
33.8 a
22.9 bc
24 bc
21.8 c
28.3 ab
20.6 c
5.6

2018
8.8 ab
9.1 a
7.8 bc
8.2 abc
7.1 cd
8.7 ab
6.3 d
1.2

2019
11 b
11.9 a
9.2 de
9.8 cd
8.5 ef
10.3 bc
8f
0.7

2019
31.4 ab
33.5 a
27.2 cd
29 bc
26.2 d
30.3 b
22.9 e
2.7

2019
8.9 ab
9.2 a
7.6 d
8 cd
7e
8.5 bc
6.2 f
0.6

Treatments with the same letter are statistically similar based on Tukey’s HSD at 5 % level of significance.
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Table 3: Effect of different treatments on lactic acid, pH, dry matter, crude protein

Treatments
T1
T2
T3
T4
T5
T6
T7
HSD (p
<0.05)

Lactic acid
2018
2019
6.5 b
6.5 b
6.7 a
6.8 a
6.3 d
6.3 cd
6.3 cd
6.3 bc
6.2 de
6.3 cd
6.5 bc
6.4 bc
6.1 e
6.1 d
0.13
0.17

pH
2018
3.9 c
3.9 c
4 abc
4 abc
4.1 ab
4 bc
4.1 a
0.1

2019
3.9 bc
3.8 c
4 ab
4 ab
4.1 a
4 ab
4.1 a
0.14

Dry matter (%)
2018
2019
40.9 ab
45.8 ab
45.5 a
48 a
33.4 cd
38.3 c
37.9 bcd
42.9 b
32 de
34.4 c
39.4 abc
43.9 b
26.4 e
30.3 d
6.2
4.0

Crude protein (%)
2018
2019
8.8 ab
9.2 ab
9.9 a
10 a
6.7 d
7 de
7.4 cd
7.8 cd
6.5 d
6.4 e
8.2 bc
8.4 bc
6.2 d
6.1 e
1.4
1.1

Treatments with the same letter are statistically similar based on Tukey’s HSD at 5 % level of significance.
Table 4: Effect of different treatments on neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose and cellulose

Treatments
T1
T2
T3
T4
T5
T6
T7
HSD (p
<0.05)

Neutral detergent fiber (NDF)
2018
2019
66.1 a
64.2 b
69.7 a
68.1 a
57.8 ab
56.9 d
60.9 ab
60.3 cd
55.7 ab
53.1 e
63.8 ab
62.3 bc
47.5 b
49.9 e
17.7
3.7

Acid detergent fiber (ADF)
2018
2019
36.4 ab
36 b
39.3 a
37.8 a
29.2 bc
31.7 c
32 abc
32.8 c
27.6 bc
29.3 d
34.6 abc
34.6 b
25 c
26.4 e
9.8
1.7

Hemicellulose
2018
2019
29.7
28.2 ab
30.5
30.3 a
28.6
25.2 bc
28.9
27.4 ab
28.1
23.8 c
29.1
27.7 ab
22.5
23.4 c
NS
3.2

Cellulose
2018
26.2 ab
28.5 a
21.3 cd
22 cd
19.9 de
24.2 bc
17.8 e
3.4

2019
30.4 ab
31.8 a
26 de
27.1 cd
24.6 e
29.2 bc
21.4 f
2.3

Treatments with the same letter are statistically similar based on Tukey’s HSD at 5 % level of significance. NS stands for not significant.
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The highest cellulose was
observed in Monsanto DK-6789 which
was followed by Monsanto DK-8148
and Pioneer 30Y87 in 2018 but in 2019
highest cellulose was observed in
Monsanto
DK-6789
which
was
statistically at par with Monsanto DK8148. While, less cellulose was
observed in ICI Hycorn 11 plus during
both years but it was statistically at par
with Pioneer 30T60 in 2018 (Table 4).
DISCUSSION
Maize hybrids showed significant
differences in agronomic parameters,
quality
parameters,
and
silage
characteristics. Maximum emergence,
plant height, number of leaves per plant,
and fresh and dry weight per plant were
observed in Monsanto DK-6789 (Tables
1-4). In the case of plant height, Farooq
et al. (2015) and Revilla et al. (2000)
also reported a differential pattern of
maize varieties for plant height due to
genotype and environmental interaction.
The difference in plant height could be
due to variation in genetic make-up that
results in changes in the plant height of
the different genotypes (Khan et al.,
2005; Olakojo and Iken, 2001).
Variation among genotypes for leaves
per plant could also be attributed to the
genetic make-up and intrinsic ability of
different cultivars to access growth
resources and their expression in terms
of yield (Kumar and Sarlach, 2015).
(Ahmad et al., 2007) recorded a
significant variation among the various
varieties of maize and noted a high dry
weight per plant in the variety "PakAfgoi" against the low in variety
"Neelum". A significant enhancement in
delaying the harvesting of sorghum
forage has been noted by (Ayub et al.,
2011). These findings are strongly
correlated with the results of (Craufurd,
2000), who observed that by increasing
the density of plants of cereals in
mixtures, their yield, and total yield

were also increased. The results are also
the same as those of (Prasad and Brook,
2005), who determined that increasing
the density of maize also amplified drymatter yield.
Monsanto DK-6789 had the
highest crude protein and total ash
percentages (Table 2), but it had the
lowest crude fiber (Table 2). These
outcomes are strongly confirmed by the
results of (Ayub et al., 2011; Ayub et
al., 2008; Mpairwe et al., 2002). They
observed a significant difference among
the maize genotypes for crude protein.
Maximum lactic acid, crude protein,
neutral detergent fiber (NDF), acid
detergent
fiber
(ADF),
pH,
hemicellulose, and cellulose were
recorded in Monsanto DK-6789 (Tables
3-4). The increase in lactic acid of silage
showed a positive effect because, due to
inhibition of spoilage organisms, this
increased anaerobic stability (Danner et
al., 2003). Another study on silage
conducted by Lima et al. (2011) showed
that good quality silage is associated
with lactic acid. Jaakkola et al. (2006)
and Martins et al. (2015) expressed that
the increase in ADF is caused by the
effect of the non-solubilization of cell
wall components. This increase in nonfibrous carbohydrate content was
derived from the effect caused by the
reduction of cell wall components, such
as
soluble
carbohydrates
and
hemicellulose. Similar outcomes have
also been published by other researchers
(Cone et al., 1999; Sheperd et al., 1995),
and they state that hemicellulose
hydrolysis is caused by microbes during
the process of fermentation. Significant
increases in hemicellulose in given
experiments are in concordance with
(Khorasani et al., 1993), who published
the same findings regarding the
hemicellulose content of grass silage. It
showed minimum loss of nutrients
during the process of ensiling. These
outcomes are similar to the results of
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(Dias-da-Silva and Guedes, 1990; Shen
et al., 1999; Shen et al., 1998).
CONCLUSION
Maize hybrids showed significant
differences in agronomic parameters,
quality
parameters,
and
silage
characteristics. Therefore, farmers with
limited resources may grow Monsanto
DK-6789 to get safe and healthy fodder
with good palatability and nutritious
values.
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